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[Title of the Invention] 

METHOD FOR PRODUCING PLASTIC LENSES, AND PLASTIC LENS 
[Abstract] 

[Problem] To solve the drawbacks of thiourethane-type 
plastic lenses and thioepoxy-type plastic lenses, and to 
obtain plastic lenses having a high refractive index and a 
high Abbe's number, and having good heat resistance, high 
mechanical strength and good colorability . 

[Means for Resolution ] A method for producing plastic lenses , 
which comprises mixing a polymerizing composition that 
contains the following components (A), (B) and (C), followed 
by polymerizing and curing it: 

(A) a compound having an episulfide group, 

(B) a compound having a mercapto group, 

(C) a compound having an isocyanate or isothiocyanate 
group. 

[Claims ] 

1. A method for producing plastic lenses, which 
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comprises mixing a polymerizing composition that contains, 
as the essential ingredients, at least the following three 
components (A), (B) and (C) f followed by polymerizing and 
curing the polymerizing composition: 

(A) a compound having an episulfide group, 

(B) a compound having a mercapto group, 

(C) a compound having an isocyanate or isothiocyanate 
group. 

2. The method for producing plastic lenses as claimed 
in claim 1, wherein the blend ratio of the components (A), 
(B) and (C) is as follows: 

(A) : from 5 to 95 parts by weight, 

(B) and (C) in total: from 5 to 95 parts by weight. 

3. The method for producing plastic lenses as claimed 
in claim 1 or 2, wherein the molar number of the mercapto group 
in (B), Bm, and the molar number of the isocyanate or 
isothiocyanate group in (C), Cm, are within a range of 0.5 
< Cm/Bm < 2 . 

4. A plastic lens produced according to the method 
of any one of claims 1 to 3 . 

5. The plastic lens as claimed in claim 4, which is 
cpated with a hard coat layer - 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 
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The present invention relates to a method for producing 
plastic lenses such as those for eyesight correction, those 
for sunglasses, those for fashion glasses, those for 
photochromic lenses, those for cameras, those for optical 
devices, etc - 
[0002] 
[Prior Art] 

Various plastic lenses have heretofore been studied, 
which could be substitutes for conventional inorganic glass 
lenses for optical use. As being lightweight, resistant to 
shock, and colorable with ease, plastic lenses are much used 
for spectacles these days. For lenses for spectacles, in 
general, diethylene glycol bisallylcarbonate (CR-39) is 
widely used. However, as its refractivity is low, CR-39 is 
often problematic in that it could not be formed into thin 
and lightweight lenses. Therefore, for optical use, for 
example, for spectacles, various materials and methods have 
heretofore been proposed for producing high-ref ractivity 
lenses. However, high-ref ractivity lenses are often 
problematic in that their Abbe's number is generally low. To 
reduce their chromatic aberration, lenses must have a high 
Abbe 1 s number . 
[0003] 

In Japanese Patent Publication No. 58489/1997 and 
Japanese Patent Laid-open No. 148340/1993, proposed are 
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thermosetting plastic lenses having a thiourethane structure 
formed through reaction of a polythiol compound and a 
polyisocyanate compound. In Japanese Patent Laid-open Nos . 
71580/1997, 110979/1997 and 255781/1997, proposed are 
thioepoxy-type plastic lenses formed by polymerizing and 
curing an episulfide compound. 
[0004 ] 

[Problems that the Invention is to Solve] 

The thiourethane-type plastic lenses have the 
advantages of high refractivity and high strength at break, 
but have the disadvantage of poor heat resistance. The 
thioepoxy-type plastic lenses have a high refractive index 
and a high Abbe's number and are resistant to heat, but have 
the disadvantage of low strength at break. Especially for 
use in spectacles, the lenses are problematic in that they 
are brittle. In addition, the thioepoxy-type plastic lenses 
have an extremely low water absorption, and are therefore 
further problematic in that they take a lot of time for 
coloration. In fact, they are difficult to color for use in 
spectacles . 
[0005] 

[Means for Solving the Problems] 

We, the present inventors have assiduously studied so 
as to solve the problems noted above, and, as a result, have 
found that the problems can be solved by polymerizing and 
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curing a composition that contains polymerizing monomers (A) , 
(B) and (C) mentioned below. On the basis of this finding, 
we have completed the present invention. 
[0006] 



(A) a compound having an episulfide group, 

(B) a compound having a mercapto group, 

(C) a compound having an isocyanate or isothiocyanate 



group - 

The episulfide group-containing compound is meant to 
indicate a compound that contains at least one functional 
group of the following formula (1) in one molecule. 
[0007] 



Thiourethane-type plastic lenses have the advantages 
of high refractivity and high mechanical strength but have 
the disadvantage of poor heat resistance. This is because, 
for high-ref ractivity plastic lenses produced through 
reaction of a polythiol and a polyisocyanate, the 
crosslinking density of the polymer is difficult to increase 





s 



[0008] 
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as interfering with the refractivity of the lenses. On the 
other hand, thioepoxy-type plastic lenses have a high 
refractive index and a high Abbe's number and are resistant 
to heat, but have the disadvantage of low mechanical strength 
and poor colorability . This is because, for thioepoxy-type 
plastic lenses produced through reaction of the episulfide 
groups of the monomer, the crosslinking density of the polymer 
inevitably increases to a great extent, and, as a result, the 
lenses could not be tough and their mechanical strength is 
thereby lowered. In addition, in general, thioepoxy-type 
plastic lenses hardly absorb water and are resistant to heat. 
Therefore, the lenses are further problematic in that they 
take a lot of time for coloration. 
[0009] 

In producing plastic lenses, it is a matter of great 
importance to control the crosslinking density of polymers. 
However, in producing thiourethane-type plastic lenses, it 
is difficult to increase the crosslinking density of the 
polymer formed through reaction of only a polythiol and a 
polyisocyanate with the high refractivity of the polymer 
being kept as it is. On the other hand, in producing 
thioepoxy-type plastic lenses to have a lowered crosslinking 
density through reaction of only the episulfide groups of the 
monomer, the episulfide group-having monomer compound must 
be a bi-f unctional , long single-chain polymerizing monomer. 
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However, this is not practicable in view of the probably 
complicated process of producing the starting monomer. 
[0010] 

In the present invention, the three compounds, one 
having an episulfide group, another having a mercapto group 
and still another having an isocyanate or isothiocyanate 
group, are first mixed, and then polymerized and cured. In 
the process, the crosslinking density of the polymer produced 
can be well controlled to a desired one, and, as a result, 
the plastic lens of the polymer can have an increased 
refractive index and an increased Abbe's number and can have 
good heat resistance and high strength at break. In addition, 
the water absorption of the lens of the polymer is higher in 
some degree than that of thioepoxy-type lenses. Therefore, 
the lens of the invention can be readily colored. 
[0011] 

The blend ratio of the components (A), (B) and (C) to 
form the composition for use in the invention is not 
specifically defined, but is preferably as follows: 

(A) : from 5 to 95 parts by weight, and 

(B) and (C) in total: from 5 to 95 parts by weight. 
If the amount of the component (A) is smaller than 5 

parts by weight and that of the components (B) and (C) in total 
is larger than 95 parts by weight, the crosslinking density 
of the polymer formed could not increase to a satisfactory 
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degree, like that for thiourethane-type plastic lenses. If 
so, the heat resistance of the plastic lenses made from the 
polymer will be low. On the other hand, if the amount of the 
components (B) and (C) in total is smaller than 5 parts by 
weight and that of the component (A) is larger than 95 parts 
by weight, the crosslinking density of the polymer formed will 
be too high, like that for thioepoxy-type plastic lenses. If 
so, the strength at break of the plastic lenses made from the 
polymer will be low, or that is, the lenses will be extremely 
brittle. ■ 
[0012] 

In case where the amount of the mercapto group, the 
isocyanate group or the isothiocyanate group remaining in the 
plastic lenses produced by polymerizing and curing the 
monomer composition is too large, the weather resistance of 
the lenses will be poor. Therefore, it is desirable to reduce 
the amount of the mercapto group, the isocyanate group or the 
isothiocyanate group remaining in the plastic lenses produced. 
For this, the blend ratio of the components (B) and (C) is 
preferably so controlled that the molar number of the mercapto 
group in (B), Bm, and the molar number of the isocyanate or 
isothiocyanate group in (C), Cm, are within a range of 0.5 
< Cm/Bm < 2 . 
[0013] 

The episulfide group-containing compound for use in 
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the invention is not specifically defined, and any and every 
known compound having an episulfide group is usable herein 
with no limitation. For example, the epoxy group of a known 
epoxy compound may be partly or entirely episulf idized to give 
an episulfide compound for use in the invention. For further 
increasing the refractive index and the Abbe's number of the 
plastic lenses of the invention, it is more desirable that 
the episulfide compound for the lenses contains sulfur 
atom(s) in addition to the episulf ide group. Concretely, the 
episulfide compound of the type includes l,2-bis(p- 
epithiopropylthio) ethane, bis ( p-epithiopropyl ) sulfide, 
1 , 4-bis ( p-epithiopropylthiomethyl ) benzene, and 2,5-bis(p- 
epithiopropylthiomethyl ) -1 , 4-dithian . The mercapto 

group-containing compound for use in the invention is not also 
specifically defined, and any and every known compound having 
a mercapto group is usable herein with no limitation. 
Specific examples of known, mercapto group-containing 
compounds usable in the invention are aliphatic polythiols 
such as 1 , 2-ethanedithiol , 1 , 6-hexanedithiol , 1,1- 
cyclohexanedithiol , etc.; and aromatic polythiols such as 
1 , 2-dimercaptobenzene , 1,2, 3-tris (mercaptomethyl ) benzene, 
etc. For further increasing the refractive index and the 
Abbe's number of the plastic lenses of the invention, it is 
more desirable that the mercapto compound for the lenses 
contains sulfur atom(s) in addition to the mercapto group. 
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Concretely, the mercapto compound of the type includes 
1 , 2 -bis (mercaptomethylthio) benzene , 1,2,3- 
tris (mercaptoethylthio ) benzene, and 1 , 2-bis ( ( 2- 

mercaptoethyl ) thio ) -3-mercaptopropane . 
[0014] 

The isocyanate or isothiocyanate group-containing 
compound for use in the invention is not also specifically 
defined, and any and every known, isocyanate or 
isothiocyanate group-containing compound is usable herein 
with no limitation. Specific examples of the isocyanate 
group-containing compound are ethylene diisocyanate, 
trimethylene diisocyanate, 2 , 4 , 4-trimethylhexane 

diisocyanate, hexamethylene diisocyanate, and m-xylylene 
diisocyanate • 
[0015] 

The polymerizing composition prepared by mixing the 
three components (A) , (B) and (C) may be polymerized and cured 
in the presence of at least one curing catalyst to give plastic 
lenses. The curing catalyst is not specifically defined, and 
may be any and every ordinary one for epoxy resins or urethane 
resins. Specific examples of the curing catalyst are amine 
compounds such as ethylamine, ethylenediamine, 
triethylamine, tributylamine, etc.; as well as dibutyltin 
dichloride, dimethyltin dichloride, etc. 
[0016] 
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Before being polymerized and cured, the polymerizing 
composition of the invention may be optionally mixed with a 
UV stabilizer, and the resulting mixture may be polymerized 
and cured to give plastic lenses. The lenses thus produced 
may have further improved weather resistance. Specific 
examples of the UV stabilizer are hindered amine-type light 
stabilizers, hindered phenol-type antioxidants, 
phosphite-type antioxidants, thioether-type antioxidants, 
benzotriazole-type UV absorbents, and benzophenone-type UV 
absorbents . 
[0017] 

When the plastic photochromic lenses of the invention 
are used for eyesight correction or for fashion glasses, it 
is desirable that the lenses are coated with an anti-glare 
film capable of increasing the light transmittance through 
the lenses and of preventing surface reflection to cause the 
glare on the lenses. In addition, it is also desirable that 
the lenses are coated with a hard coat layer for increasing 
the adhesiveness between the lens substrate and the anti- 
glare film and for preventing the lens surface from being 
scratched. 
[0018] 

One preferred example for the hard coat layer is a 
coating composition that comprises the following essential 
components (a) and (b). After applied to the lenses, the 
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composition is cured to form a hard coat layer. 

(a) At least one silane compound having at least one 
reactive group. 

(b) At least one type selected from metallic particles 
of silicon oxide, antimony oxide, zirconium oxide, titanium 
oxide, tin oxide, tantalum oxide, tungsten oxide, aluminium 
oxide or the like; composite metallic particles of at least 
two of titanium oxide, cerium oxide, zirconium oxide , silicon 
oxide and iron oxide; and composite metallic particles 
prepared by coating tin oxide particles with composite 
metallic particles of tin oxide and tungsten oxide. 
[0019] 

The component (b) is effective for controlling the 
refractivity of the hard coat layer and for increasing the 
hardness of the layer. One or more types of the metallic 
particles for the component (b) may be used either singly or 
as combined. However, the component (b) alone could not form 
a good film, and, when combined with the component (a), it 
can form a transparent and tough film. The component (a) may 
be directly used as it is, but is preferably hydrolyzed prior 
to being combined with the component (b) . After hydrolyzed, 
the component (a) is more effective for increasing the water 
resistance and the hardness of the hard coat film formed. 
[0020] 

In general, the thickness of the hard coat layer 
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preferably falls between 0.2 um and 10 \im or so, more 
preferably between 1 \m and 3 urn or so. If desired, a primer 
layer may be provided between the lens substrate and the hard 
coat layer. The primer layer enhances the adhesiveness 
between the lens substrate and the hard coat layer, and 
enhances the impact resistance of lenses thus coated with the 
hard coat layer. 
[0021] 

For eyesight correction, the lenses coated with the 
hard coat layer are preferably further coated with an 
anti-glare film, as so mentioned hereinabove. Being thus 
coated, the lenses have further improved optical properties. 
The anti-glare film may be a multi-layered film to be prepared 
by laminating a plurality of thin films each having a 
different refractive index. For this, any inorganic or 
organic substances are usable, provided that they can reduce 
the refractivity of lenses. However, essentially for 
increasing the surface hardness of the lenses and for removing 
the interference fringes from the lenses, most preferred is 
a single-layered or multi-layered, inorganic anti-glare film. 
The inorganic substance usable for the film includes oxides 
and fluorides such as silicon oxide, aluminium oxide, 
zirconium oxide, titanium oxide, cerium oxide, hafnium oxide, 
magnesium fluoride, etc. The film may be formed on the lenses 
through PVD such as ion plating, vacuum vapor deposition, 
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sputtering, etc. 
[0022] 

[Modes of Carrying out the Invention] 

The invention is described in detail with reference 
to the following Examples, which, however, are not intended 
to restrict the scope of the invention* The details of the 
abbreviations of the substances used in Examples and 
Comparative Examples are mentioned below. 
[0023 ] 

Episulfide group-containing compounds: 
Abbreviation: Name of the substance 
A-l: bis ( p-epithiopropyl ) sulfide 
A-2 : 1 , 4-bis ( 0-epithiopropylthiomethyl ) benzene 
A- 3 : 2 , 5-bis ( p-epithiopropylthiomethyl > -1 , 4-dithian 

Mercapto group-containing compound: 
Abbreviation: Name of the substance 

B-l : 1 , 2-bis ( ( 2-mercaptoethyl ) thio ) -3-mercaptopropane 
Isocyanate or isothiocyanate group-containing compounds: 

Abbreviation: Name of the substance 

C-l: m-xylylene diisocyanate 

C-2 : 1 , 4-bis ( cyclohexane isocyanate) 
(Example 1) 

The components shown in Table 1 were mixed to prepare 
a composition (100 g) for plastic lenses. To this were added 
0.05 g of a UV absorbent, SEESORB7 01 (from Shipro Chemical), 
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and 0.05 g of a polymerization catalyst, dibutyltin 
dichloride, and well stirred at room temperature. Then, the 
resulting mixture was further stirred under a reduced 
pressure of 5 mmHg to degas it for 30 minutes. This was cast 
into a mirror-finished glass mold equipped with a gasket, 
heated therein from 35°C to 120°C over a period of 16 hours. 
After having been thus polymerized and cured, the lens formed 
was taken out of the mold, and then annealed under heat at 
120°C for 2 hours. 
[0024] 

The plastic lens thus formed was evaluated according 
to the methods mentioned below. Its data are given in Table 
2. 

Refractive Index: 

Measured with an Abbe's ref Tactometer , the refractive 
index is for D rays of 589.3 nm at 20°C. 
Abbe • s Number : 

Measured with an Abbe's ref ractometer , the Abbe's 
number is at 20°C. 
Heat Resistance: 

Measured with a TMA tester under a load of 50 g, Tg 
indicates the heat resistance of the lens. 
Flexural Test: 

The flexural strength of the lens is measured according 
to JIS K7203. 



15 



[0025] 
Coloration : 

A thermostat chamber filled with water and controlled 
at 90°C was prepared. A glass beaker filled with one liter 
of water was put in the chamber, and this was used as a dyeing 
pot. 1.5 g of a colorant, Seiko Placs Gray (from Hattori 
Seiko), 3 cc of a surfactant serving as a dispersant, NES-203 
(from Nikko Chemicals), and 10 cc of a colorant carrier, 
benzyl alcohol were added to the pot, and well stirred and 
mixed to prepare a dyeing bath. The plastic lens formed was 
completely sunk in the dyeing bath. After left as such for 
20 minutes, the lens was taken out of the bath. The visible 
ray transmittance through the thus-colored lens was measured 
with a BPI photometer, and this indicates the color density 
of the lens . (Lenses having a lower visible ray transmittance 
are colored to a higher degree.) 
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[0026] 



[Table 1] 





Component A (g) 


Component B (g) 


Component C (g) 


Example 1 


A-1:60g 


B-1:20g 


C-1:20g 


Example 2 


A-1:50g 


B-1:25g 


C-2: 25 g 


Example 3 


A-2: 60 g 


B-1:20g 


C-1:20g 


Example 4 


A-3: 60 g 


B-1:20g 


C-1:20g 


Example 5 


A-3: 60 g 


B-1:20g 


C-2: 20 g 


Comparative Example 1 


A-1: 100 g 






Comparative Example 2 


A-2: 100 g 






Comparative Example 3 


A-1: 98 g 


B-1:1g 


C-V. 1 g 


Comparative Example 4 




B-1:50g 


C-1: 50 g 


Comparative Example 5 




B-1:50g 


C-2: 50 g 
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[0028] 

(Examples 2 to 5) 

Plastic lenses were produced in the same manner as in 
Example 1, for which, however, used were the components shown in 
Table 1 to prepare the starting composition (100 g) . These were 
tested also in the same manner as in Example 1, and their data 
are given in Table 2 . 
[0029] 

(Comparative Examples 1 and 2) 

Plastic lenses were produced in the same manner as in 
Example 1, for which, however, used were the components shown in 
Table 1 to prepare the starting composition (100 g) - These were 
tested also in the same manner as in Example 1 , and their data 
are given in Table 2 . 
[0030] 

(Comparative Examples 3 to 5) 

Plastic lenses were produced in the same manner as in 
Example 1, for which, however, used were the components shown in 
Table 1 to prepare the starting composition (100 g) . The 
polymerization catalyst for the compositions was tributylamine 
(0 .05 g) . These were tested also in the same manner as in Example 
1, and their data are given in Table 2. 
[0031] 

[Advantages of the Invention] 

The method of the invention for producing plastic lenses 
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solves the drawbacks of thiourethane-type plastic lenses and 
thioepoxy-type plastic lenses. The plastic lenses produced in 
the method have a high refractive index and a high Abbe's number, 
and have increased heat resistance and increased mechanical 
strength, and they are easy to color. 
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